Abstract: BACKGROUND: Persons with Down syndrome (DS) typically possess low cardiorespiratory fitness (CRF), engage in low levels of physical activity (PA), and display elevated obesity levels, but the association between these variables is not clear in persons with DS. METHOD: We investigated the relationships among measures of CRF, PA, and body composition in 30 young adults with DS (age: 21.3 ± 5.5 years) using a cross-sectional study design. RESULTS: Male participants presented on average with a BMI of 32.9 ± 10.0 kg/m 2 , a percent body fat of 22.2 ± 13.0%, and a six-minute walk distance (6MWD) of 411.7 ± 66.3 m. Female participants presented on average with a BMI of 31.6 ± 13.5 kg/m 2 , a percent body fat of 26.7 ± 15.1%, and a six-minute walk distance (6MWD) of 360.4 ± 91.2 m. 6MWD shared a positive relationship with leisure time physical activity levels (r = 0.56, β = 1.488) and a negative relationship with body mass index (BMI; r = -0.49, β = -2.561). No relationship between body composition and PA was found. CONCLUSIONS: It seems that higher PA levels and lower BMI relate to better CRF in young adults with DS. Physical activity and body composition appear to be unrelated in persons with DS.
Introduction


Persons with Down syndrome (DS) are commonly referred to as an at risk population due to poor health and cardiorespiratory fitness (CRF) levels [1] . The peak aerobic capacity is reported to be lower in individuals with DS than individuals with other intellectual disabilities (IDs) or individuals without IDs [2] . Low CRF is associated with excess cardiovascular disease and mortality risk [3] [4] [5] [6] [7] . Additionally, low fitness levels in individuals with DS have been associated with impaired performance on functional tasks of daily living such as rising from a chair, walking speed, and ascending and descending stairs [8] . CRF also shares a positive relationship with cognitive function in the general population [9, 10] . Both functional tasks of daily living and cognitive function are areas of weakness in individuals with DS [11] [12] [13] . However, very few exercise intervention studies were successful in improving CRF in individuals with DS [14] [15] [16] [17] [18] . It is important to investigate correlates and potential modifiers of CRF in persons with DS.
Body Composition and Cardiorespiratory Fitness
Excess adiposity is associated with increased disease incidence and mortality in the general population [19] ,
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and the prevalence of obesity and associated morbidities such as cardiovascular disease have also been shown to be elevated among children and adolescents with DS [16] . Obesity has also been shown to be negatively associated with CRF (i.e. VO 2 peak) in persons with DS [2] . BMI has also been negatively correlated with the six minute walk distance (6MWD; r = -0.30) in a sample of adolescents with IDs including DS [20] . Nordstrøm and colleagues [21] reported a difference in 6MWD of 111m between obese and normal or underweight Norwegian adults who had either DS, Prader-Willi syndrome, or Williams syndrome. The results of these studies provide general evidence of the association between body composition and CRF in persons with IDs, but findings that pertain specifically to populations with DS continue to be sparse [2] .
Physical Activity and Cardiorespiratory Fitness
Matute-Llorente and colleagues [22] reported that adolescents with DS spent less time in all intensities of physical activity (PA) than typically-developing peers. Others reported that less than one third of people with IDs, including DS, engage in at least 30 minutes of moderate to vigorous activity on most days of the week [23] . Nordstrøm and colleagues [21] also report low levels of PA and large amounts of sedentary time in persons with DS. Draheim et al. [24] reported that 45% of adults with IDs meet the recommended 150 minutes of moderate to vigorous PA per week.
Despite the known association between greater leisure time PA (LTPA) levels and improved CRF in the general population [25] , this relationship has only once been investigated in populations with DS. Balic and colleagues [26] reported greater CRF in individuals with DS who participate in Special Olympics compared to those that do not. However, a major limitation of that study was the dichotomous nature in which LTPA was defined (Special Olympics participation vs. no Special Olympics participation) which does not allow us to quantify the amount of LTPA that is associated with better CRF. Even though Nordstrøm et al. [21] had objectively measured data on LTPA (accelerometry) and CRF (6MWD) in adults with DS, they did not examine the relationship between those variables. To date, most evidence for a relationship between PA and CRF in DS comes from intervention studies [27, 28] . Despite these studies, observational investigations are needed to determine the association between free-living LTPA and CRF in individuals with DS.
Physical Activity and Body Composition
The association between LTPA and body composition in persons with DS is not clear because the relationship between PA and body composition in this population has only been studied in the context of targeted exercise intervention. Combined cardiovascular and strength training did not improve body weight, skinfold measures or BMI [29] , while plyometric jump training increased lean mass without a change in percent body fat [16] , and aerobic training both decreased fat mass and increased lean mass [30] .
Some evidence concerning the relationship between LTPA and body composition comes from [21] . They found no relationship between total PA and BMI in a sample of Norwegian adults that included DS, Prader-Willi syndrome, and Williams syndrome. They did find, however, that obese individuals spent 10 minutes less in moderate to vigorous PA per day than individuals in lower BMI categories. Since their sample included individuals with other genetic disorders, the relationship between LTPA and body composition in persons with DS remains unclear, and they did not include a direct measure of body composition such as percent body fat (%BF).
The Current Study
Predictors of CRF, namely LTPA and body composition, and their relationship to CRF specifically in persons with DS needs to be explored. Therefore, we sought to examine the relationship among LTPA, [34] [35] [36] . The peak distance a person is able to walk in six minutes (i.e. 6MWD) is often used as a practical and easily administered assessment of CRF among compromised populations and it was therefore used in the current study [37] [38] [39] . The main purpose of this study was to determine the association of body composition and LTPA levels with 6MWD in persons with DS. A secondary aim was to investigate the relationship between LTPA levels and body composition.
Hypotheses
More favorable values of anthropometry and body composition (BMI, waist circumference [WC] , and percent body fat [%BF] ) are associated with greater CRF.
Greater amounts of LTPA are associated with greater CRF.
Greater amounts of LTPA are associated with more favorable body composition.
Methods
Participants
Thirty young adults with trisomy-21 DS (22 male, 8 female) who lived with their families participated in this study (participant characteristics located in Table 1 ). Parents or guardians confirmed the diagnosis of trisomy-21 during screening. Participants were recruited at local events specific to persons with IDs, local organizations providing recreational opportunities (e.g. Best Buddies, Special Olympics, municipal parks and recreation departments), flyer distribution via listservs of local organizations, and through word of mouth. The study protocol was approved by the human subjects institutional review board of the university.
Procedure
All procedures took place in a controlled laboratory environment. First, the participants and parents or guardians were familiarised with the lab and all testing procedures. The participants then read (or were read to) and signed assent forms while their parents/guardians read and signed consent forms before data collection began. Consent, assent, and participation were voluntary and it was made clear that participation could be discontinued at any time. First, mental age (MA) was assessed with the Peabody Picture Vocabulary Note. Abbreviations: SD = standard deviation, CA = chronological age, MA = mental age, BMI = body mass index, %BF = percent body fat, WC = waist circumference, LTPA = leisure time physical activity, 6MWD = 6 minute walk distance. *Mann-Whitney U Test.
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Test 4 (PPVT-4; [40] ) which is a test of receptive language that has been widely used in populations with IDs. A researcher who was trained according to standard testing procedures [40] administered the PPVT-4.
Body Composition and Anthropometry
A series of assessments followed, including measurement of height (cm) and weight (kg) from which BMI (kg/m 2 ) was subsequently calculated, WC (cm), and %BF. WC was measured around the narrowest part of the torso between the navel and chest, when seen from the front, and after the participant had completely exhaled. %BF was measured with a bipedal bioelectrical impedance scale (Omron BF-400; Omron Medizintechnik, Mannheim, Germany). The %BF measured with the Omron BF-400 has been shown to agree (r = 0.94) with dual-energy X-ray absorptiometry (DEXA) and it is not biased relative to DEXA measurements in regards to lower or higher %BF even when hydration status is not controlled [41] . %BF values determined with bioelectrical impedance measurements have also been validated against DEXA measurements in adolescents with DS (r ≈ 0.90; [42] ). On average, the Omron BF-400 underestimated %BF by 0.48% (95% confidence interval: ± 6.62%) and the device was recommended for group estimates in research settings across BMI values ranging from underweight to obese [41] .
Leisure Time Physical Activity
The parent or guardian of each participant completed the Godin LTPA survey [43] to assess the amount of LTPA their child or dependent completed during a typical week. The Godin LTPA survey required the parent/guardian to report how many times per week the participant engaged in bouts of at least 15 minutes in duration of mild, moderate, or vigorous PA. The number of vigorous bouts was weighted by a factor of 9, the moderate bouts by a factor of 5, and the mild bouts by a factor of 3. The weighting factors roughly correspond with metabolic equivalent (MET) values [44] . The weighted frequencies were summed to obtain the LTPA score used for the analyses. This score represents an estimate of MET-minutes/week if multiplied by 15. For instance, a participant who engages in 5 bouts of mild PA, 3 bouts of moderate PA, and 2 bouts of vigorous PA per week would have a weighted score of 48. This would equal 720 MET-minutes/week. The Godin LTPA survey has been shown to correlate with other activity rating scales and with daily energy expenditure and it has adequate to excellent test-retest reliability (ICC = 0.62-0.81; [43] ).
Cardiorespiratory Fitness
The CRF of each participant was assessed with the 6MWD (m). Test-retest reliability of the 6MWD has been established for adolescents and young adults with DS [45] . The 6MWD has been found to be a valid and reliable proxy of relative VO 2 peak (i.e. CRF) in adolescents, adults, and seniors with IDs including DS [20, 46, 47] and it is a reliable measure in adults with DS (ICC = 0.93; [48] ). The 6MWD may also better reflect everyday functional capacity than calorimetry through oxygen consumption [49] . Additionally, poor 6MWD has been associated with increased mortality risk in patients with cardiopulmonary disease [37] . The six minute walk test was conducted by a single trained researcher in accordance with the guidelines by the American Thoracic Society (ATS; [49] ) and other studies which also followed the ATS guidelines [20, 21] . To measure 6MWD, participants walked as many laps as they could around two orange cones placed 25 ft. apart in a straight corridor. The participants were instructed to walk as far as they could in 6 minutes. In order to familiarise the participant with the test, the researcher walked two laps while the participant stood and watched. During the test, the researcher marked each completed lap on a data collection sheet. The researcher did not walk with the participant during the test but provided standard verbal encouragement and positive feedback throughout the test. After 6 minutes, the researcher told the participant to stop in place and the remaining distance from the starting cone was measured to the nearest meter and added to the total
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Statistical Analyses
Gender differences in all variables were tested using the Mann-Whitney U Test (Table 1) . Two-tailed, bivariate correlations were computed using Pearson product-moment correlation coefficients. A correlation matrix of all study variables is displayed in Table 2 .
Multiple stepwise and hierarchical regression analyses with 6MWD as the dependent variable were completed. BMI, WC, %BF, and LTPA score were used as predictor variables. Raw scores of BMI were retained and used in the regression analyses, as BMI shared the strongest correlation with 6MWD out of all the anthropometric and body composition variables (Table 2 ). However, BMI correlated strongly with WC (0.732) and %BF (0.766). To avoid issues of multicollinearity, WC and %BF were regressed on BMI and the unstandardised residuals (WC res and %BF res ) were saved and used as predictor variables in the models. The residuals contain information about WC and %BF that is not linearly predictable from BMI. Thus, WC res and %BF res scores represented information about WC and %BF that was not contained in BMI and they were completely orthogonal to BMI, which eliminated any chance of multicollinearity. WC res and %BF res scores were entered into the stepwise regression models to find out if they contained unique information about 6MWD performance that was not predicted by BMI. First, all variables (BMI, WC res , %BF res , and LTPA) were entered into a stepwise regression model. Next, a hierarchical regression was used to control for the effects of chronological age (CA) on 6MWD, because CA correlated significantly with 6MWD and all predictor variables (Table 2 ).
Results
Descriptive statistics are summarised in Table 1 . There were no significant differences between male and female participants in any variable. The correlations among all variables are presented in Table 2 . Correlations of 6MWD to CA, BMI, and LTPA were significant. There were no significant correlations between LTPA scores and measures of adiposity or anthropometry.
Preliminary analyses indicated that the assumptions of normality, linearity, multicollinearity, and homoscedasticity were not violated. Only LTPA (β = 1.393, SE = 0.497, P = 0.009) and BMI (β = -2.222, SE = 1.017, P = 0.038) entered the model as significant predictors of 6MWD. The model explained 41% of the variance in 6MWD before adjusting for CA (intercept = 428.5; F(2,27) = 9.45, P = 0.001) and 27% after adjusting for CA (β CA = 1.216, SE = 2.645, P = 0.650; β LTPA = 1.488, SE = 0.546, P = 0.011; β BMI = -2.561, SE = 1.268, P = 0.054; intercept = 410.4, F(3,26) = 6.19, P = 0.003; F change (2,26) = 5.94, P = 0.007). While CA explained a significant amount of variance on its own (15%; β CA = -4.842, P = 0.035; intercept = 505.7, F(1,28) = 4.93, P = 0.035) and significantly changed Note. Abbreviations: CA = chronological age, MA = mental age, BMI = body mass index, %BF = percent body fat, WC = waist circumference, LTPA = leisure time physical activity, 6MWD = 6 minute walk distance. *P < 0.05; **P < 0.001.
Physical Activity and Body Composition Relate to Cardiorespiratory Fitness Independently in Young Adults with Down Syndrome
70
the model, LTPA and BMI remained significant predictors after adjustment.
Discussion
To our knowledge, this research is the first to examine the relationship of an estimate of aerobic capacity (6MWD) to anthropometric and LTPA measures specifically in persons with DS. We found that BMI and LTPA were the strongest predictors of CRF in young adults with DS, but BMI and LTPA were not related.
Sample Characteristics
Walking a distance of less than 350m in six minutes has been associated with increased risk for mortality, chronic heart failure, and pulmonary arterial hypertension [37] . Our participants who had a 6 MWD in the fourth quartile walked an average of 322m. Six of these participants walked less than 350m suggesting that 20% of our sample may be at a significantly elevated cardiovascular disease and mortality risk. Newman and colleagues [50] found that the inability to complete a 400m walk is associated with an 86% increased risk for cardiovascular disease and mortality and a 95% increased risk for mobility disability. They also reported that each additional minute it took to complete the 400m walk was associated with a 29% increase in mortality risk, a 20% increase in cardiovascular disease risk, and a 52% increased risk for mobility limitations and disability. In our sample, this would translate to a mean increased risk of approximately 71%, 49%, and 127% for mortality, cardiovascular disease incidence, and mobility limitations/disability, respectively, from the lowest to the highest 6MWD quartile. In the study by Newman et al. [50] , those who completed the 400m in >362 seconds had a 223% higher mortality risk than those who completed it in <290 seconds. In our sample, 37% took more than 362 seconds when we extrapolated the 6MWD to 400m. None of the participants would have completed 400m in less than 290 seconds based on their distance covered in 6 minutes.
In accordance with other studies [51, 52] , we found that the prevalence of obesity in our sample was at least as high as or higher than the prevalence in the general population. Overall, 50% of participants were obese based on %BF [53] . Among female participants, 37.5% were obese as defined by a %BF over 30% [53] . Among male participants, 54.5% were obese with a %BF over 25% [53] .
The PA recommendations by the US Surgeon General equate to 14 LTPA points on the Godin questionnaire [44] . Eighty percent of our sample met this recommendation when light PA was included in the calculations. However, only 30% of participants met the recommendation of moderate to vigorous PA for at least 150 minutes per week. Draheim et al. [24] reported that 45% of participants met these recommendations. However, the study by Draheim et al. [24] included individuals with non-DS IDs. Vigorous PA for 75 minutes per week was reported for only one (3%) participant in our study, similar to the prevalence reported by Draheim et al. [24] .
Body Composition and Cardiorespiratory Fitness
The results of our study support our hypothesis that anthropometric measures are associated with CRF. Measures of body composition related to CRF in the expected direction in young adults with DS. For example, 6MWD increased as BMI decreased (Fig. 1) . Interestingly, the greatest distance was achieved by those in the 24.0 to 31.3 BMI range, which includes the BMI range that is conventionally considered "overweight". It has been shown that all-cause mortality is lowest in this range of BMI in the general population [54] . The difference in 6MWD between the first (>38.3) and third quartile (24-31.3) of BMI was 64m, a difference that is considered clinically important [37, 55] and greater than the minimal detectable change (approximately 50m) in adults with DS [48] . In older adults, stroke survivors, and persons with chronic obstructive pulmonary disease, a difference of approximately 50m is considered clinically important, indicating improved function and mobility [37, 55] . Based on the regression results, a 1 unit decrease in BMI is associated with an increase in 6MWD of 2.6 m. This means that BMI would have to decrease by 19 units for an improvement of 50m in the 6MWD. Clearly, a 19 point decrease in BMI units is, in most cases, neither feasible nor safe or recommended. Perhaps one should not expect meaningful improvements in 6MWD or CRF based on changes in BMI. In fact, diet induced weight loss, and therefore reduced BMI, has been shown to lead to reduced CRF levels [56] and loss of fat-free mass [57] . Therefore, despite the relationship between BMI and 6MWD, weight loss by itself is not recommended as a tool to improved CRF. While weight loss alone does not enhance CRF, it is important to consider that %BF and BMI are exceedingly difficult to reduce through exercise without large amounts of training [58, 59] . In adults with DS, a 12-week aerobic and resistance training program resulted in improvements in VO 2 peak but not in BMI or skinfold thickness [17] . The null effect of exercise training on body weight in persons with DS was also supported by a meta-analysis [15] . Additionally, most weight loss is regained within 5 years [60] and weight cycling has been associated with negative health outcomes [61] [62] [63] but not always with increased mortality risk [64, 65] . However, limited evidence exists that comprehensive lifestyle interventions that incorporate PA, dieting, and other behaviour modifications may positively impact body composition in individuals with IDs [66] .
While more research is needed to identify the most impactful intervention components and predictors of successful body composition change in persons with DS, diet and exercise should likely be combined to achieve weight loss and maintain or improve CRF levels. As mentioned, diet alone can lead to reduced CRF levels [56] and exercise alone may not be an effective way to reduce body weight [67] . A large amount of exercise (700 kcal/day) without calorie compensation may be necessary to produce significant weight loss [56] . Considering the mean body weight of our participants (73.63 kg) and assuming a 1 MET oxygen consumption of 3. of oxygen, our participants would have to exercise at 9 METs for about 60 minutes every day to expend 700 kcal. This would be equivalent to about 252 Godin LTPA points per week, a goal that seems out of reach for most persons with DS (the highest LTPA score in our study was 93). However, it has been shown in adults without IDs that diet and exercise combined can lead to reductions in body fat and weight while lean mass and CRF is maintained [56, 57] . One dietary and PA behavioral intervention study which included a child and adolescent with DS was associated with increased 6MWD while BMI and WC did not change [28] .
Our results indicated that BMI may be a useful preliminary indicator of CRF and this is important because of the relationship of CRF to cardiovascular disease mortality risk and all-cause mortality risk [19, 68] .
Physical Activity and Cardiorespiratory Fitness
Our second hypothesis that greater levels of LTPA were associated with greater CRF was supported by the results. These results are in line with another cross-sectional study comparing Special Olympics participants with DS to sedentary counterparts [26] . In our study, the correlation between LTPA and CRF was slightly stronger than the correlation between BMI and CRF ( Table 2 ). This is also evident in Fig. 1 as 6MWD appears to increase more noticeably across quartiles of LTPA than across quartiles of BMI. The 6MWD of the participants in the fourth quartile of LTPA scores was 101m farther compared to the first quartile of LTPA scores. The regression results show that a 1 unit increase in LTPA is associated with a 1.5m increase in 6MWD. Thus, a 50m improvement in 6MWD would be equivalent to a 33 unit increase in LTPA ( It has been shown that PA levels can be manipulated in typical populations [69] and that increased PA levels can lead to improved VO 2 max values [25] . Among persons with DS, structured exercise interventions have been shown to improve CRF [15] . It is important to note that there is a considerable genetic component that determines CRF. In the general population, genetic factors are thought to explain about 50% of maximal oxygen uptake capacity [70] . Thus, CRF is modifiable, in part, through PA and diet in a typical population, but the extent to which this is true for people with DS is less clear. However, since both low LTPA and low CRF predict the development of metabolic syndrome [71] , it is important to promote LTPA among individuals with DS as it is a modifiable risk factor.
Physical Activity and Body Composition
Our third hypothesis that LTPA would predict body composition was not supported. There were no significant correlations between measures of body composition or anthropometry and LTPA. In line with our results, Nordstrøm et al. [21] found no relationship between BMI and PA levels in adults with DS and other genetic disorders. This stands somewhat in contrast to an inverse relationship between PA levels and %BF in 11 year old typically developing children [72] . However, the association between PA levels and %BF in our study was of similar magnitude in comparison to Riddoch et al. [72] , but their results may be statistically significant because of a larger sample size. Therefore, the study of the relationship between
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PA levels and body composition in individuals with DS warrants further research and we also suggest using more direct measures of PA such as DEXA to assess %BF.
Limitations
The primary limitation of this study is that CRF was not directly measured with a VO 2 max test. However, given the high cost of metabolic testing and multiple potential barriers to measuring VO 2 max in this population, our results are clinically useful because the 6MWD correlates with direct measurements of VO 2 max [73, 74] and because it can be easily administered in clinical or field settings.
It is also important to acknowledge that the %BF prediction equations which the Omron BF-400 scale uses do not factor in body fat distribution and were not developed for people with DS. This is a limitation because body fat distribution may be different in people with DS compared to people without DS. However, it has been shown that bioelectrical impedance measurements can be valid in persons with DS [42] . As bioelectric impedance is a measure of body fluid and electrolyte status, hydration status should ideally be controlled. We did not control for hydration status. However, it has been shown that bioelectrical impedance measurements can be accurate regardless of hydration status [41] . Given these limitations, we recommend that the results regarding %BF be interpreted with caution. Another limitation is that LTPA units did not take into account that a single bout of PA could have lasted more or less than 15 minutes. Thus, LTPA units likely underestimated the true amount of LTPA because parents or guardians were supposed to report all bouts of at least 15 minutes in duration which inevitably included bouts that lasted longer and excluded bouts that lasted less than 15 minutes.
Conclusion
This study provides preliminary evidence that body composition and PA levels independently relate to CRF in young adults with DS. The nature and strength of associations between these variables needs to be further examined in order to use them in clinical health and risk assessments. A better understanding of these associations is important because persons with DS possess low CRF levels and may therefore be at increased risk for chronic conditions and functional limitations.
